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THE PHARMACODYNAMICS OF DIGITALIS IN 
CONGESTIVE HEART FAILURE 


Although digitalis is almost universally accepted 
as the sovereign drug for the treatment of congestive 
heart failure, the way in which it works is not under- 
stood by many of those who use it. The purpose of 
this paper is to elucidate the — of 
this drug in congestive heart failure. | 

The modern concept of the mechanism of heart 
muscle failure was introduced by Starling and 
Visscher’ who showed that the total oxygen con- 
sumption, or in other words, the total energy liber- 
ated by the heart muscle in contraction, is propor- 
tional to the diastolic volume of the heart. They 
demonstrated further that when the heart fails 
spontaneously during the course of an experiment, 

e oxygen consumption or energy liberated at each 
beat remains constant if the diastolic volume is kept 
constant, but that the proportion of this beage f 
available for mechanical work progressively de- 
creases. In other words, the basis for spontaneous 
heart failure is a decrease in the mechanical effi- 
ciency of the heart muscle.* The only objections ever 
made to this hypothesis were those of Ruhl? and of 
Katz and Mendlowitz’ and these have been satisfac- 
*Mechanical efficiency is the ratio of mechanical work per- 
formed to the total energy released by chemical erry ong Se 


of combustible material. Oxygen consumption measures the 
energy released by oxidation in the heart muscle. 


torily answered by Moe and Visscher‘ and by 
Visscher’. The latest experimental study of the 
metabolism of the spontaneously failing heart 
muscle, by Lorber’, proves beyond a shadow of a 
doubt that spontaneous heart failure is due to re- 
duced efficiency in transformation of chemical energy 
into mechanical work, in short, to reduced mechan- 
ical efficiency. Peters and Visscher’ and Moe and 
Visscher*® then showed that when digitalis is ad- 
ministered to the a, failing heart muscle, 
= mechanical efficiency is restored to its normal 
value. 

Starling was not interested in the initial tension 
of the heart muscle fibers at the end of diastole and 
neglected to emphasize the rise in this initial ten- 
sion as spontaneous heart failure develops. It is this 
initial tension that determines the venous pressure 
and the rise in venous pressure is largely responsible 
for the chief symptoms of congestive heart failure 
dyspnea and edema. In an investigation by Fahr and 
Buehler’ the heart muscle was caused to fail through 
the application of poisonous substances such as 
chloral hydrates, chloroform, diphtheria toxin, et 
cetera. In these experiments it was noted soon after 
the application of the poisons to the heart muscle 
that the heart dilated, that the venous pressure both 
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Fig. 1. Graph illustrating the effect of chloral hydrate upon the physiologic state of the heart in the heart-lung preparation, 
with restoration of the normal state by the application of a digitalis glycoside. It will be noted that shortly after the application of 


Poison to the heart muscle, the mechanical efficiency decreases and immediately the systolic output falls and the heart 


dilates. 


At the same time the venous pressure rises. When a digitalis glycoside is introduced, mechanical efficiency rises and more blood is 
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rose and that the mechanical efficiency decreased. 
The application of a digitalis glycoside, lanatoside 
C, to these hearts increased the amount of mechan- 
ical work developed at a given oxygen expenditure. 
As the mean blood pressure could rise but little, most 
of the increase in mechanical work was in the form 
of increased stroke =. with subsequent decrease 
in diastolic volume and venous pressure. 

Figure 1 is a schematic graph drawn from the 
results of two of these experiments in which chloral 
hydrate was introduced into the blood of the heart- 
lung preparation. It will be noticed that shortly after 
the application of the poison to the heart muscle, 
the systolic output is slightly decreased and the dia- 
stolic volume in the next heart beat increases before 
the next systole by exactly the amount of decrease 
in systolic output. There is a steady increase in 
diastolic volume until a steady state is reached at 
which point the maximum decrease in mechanical 
efficiency and the maximum rise in venous pressure 
is attained. This state continues until digitalis, in 
this case lanatoside C, is introduced into the blood, 
when it is noted that the first systole following the 
introduction of the digitalis results in a ater 
systolic output of blood from the heart and, from 

en on, a steady decrease in size of the heart 
occurs until the original diastolic volume is reached. 
At this time the mechanical efficiency has been 
restored to the original value and the venous pres- 
sures have come back to normal. This graph can be 
looked upon as a scheme of acute congestive heart 
failure with restoration of the normal physiologic 
state of the heart muscle on application of a digi- 
talis glycoside. When the pulmonary venous pres- 
sure in a case of human congestive failure returns 
to normal, dyspnea disappears and when the venous 
pressure on the right side of the heart falls below 
16 to 17 cm. of water the capillary pressure falls to 
values at which edema is reabsorbed into the vessels 
and diuresis begins. 

Many years ago in some preliminary experiments 
the results of which were never published, I noted 
that when the iy partial pressure in a gas 
used to distend the lungs of a heart-lung prepara- 
tion was reduced, the heart dilated and the venous 
pressure rose. The introduction of a digitalis glyco- 
side into the blood led to a reduction of the dilata- 
tion and a decrease in venous pressure. In unpub- 
lished work of Lorber”, it was determined that 
decreasing the oxygen supply to the heart muscle 
resulted in a decreased mechanical efficiency. The 
results of these investigations can be summed up by 
saying that diminished mechanical efficiency causes 
all experimentally induced heart failure, that the 
decrease in mechanical efficiency leads to a rise in 
venous pressure, that digitalis increases the mechan- 
ical efficiency of the failing heart muscle, and that 
this increase in mechanical efficiency leads to reduc- 
tion in venous pressure. 

LaDue and Fahr" determined the diastolic volume, 
the venous pressure, and the efficiency index”, which 
is proportional to the mechanical efficiency, in ten 
cases of human heart failure. Lanatoside C was then 
re intravenously and within a half hour to two 

ours after the drug had been introduced, the aver- 
age mechanical efficiency had increased 45 per cent, 
and the venous pressure had dropped 5 cm. of water 
on the average. In seven of the ten cases studies 
were made from one to three weeks later, when both 
digitalis and rest in bed had been effective, and it 
was noted that the average increase in mechanical 
efficiency was 70 per cent. The venous pressure had 
dropped from an average of 20 cm. of water to 
6 cm. of water and the average diastolic volume had 
become reduced 30 per cent. There can no longer be 
any question whatsoever that both experimental and 
human congestive heart failure is due to reduction in 
mechanical efficiency and is accompanied by a rise in 
venous pressures, and that digitalis will increase 
this mechanical efficiency so that it moves back 
toward the normal value, with a consequent drop in 
venous pressure and relief of symptoms of heart 


failure. The contrary seems to be the case when 
digitalis is given to persons whose hearts are normal. 
In a recent paper” it seems to have been proved 
that digitalis decreases the mechanical efficiency of 
the normal human heart approximately 30 per cent. 

The practical value of any scientific theory is 
measured by its value as a basis for prediction. The 
first prediction based upon this theory of the physio- 
logic action of digitalis was that the digitalis glyco- 
sides would relieve cardiac failure in the presence 
of normal sinus rhythm. This prediction is opposed 
to the skepticism of MacKenzie and Lewis as to the 
value of digitalis in the treatment of heart failure 
which is not associated with auricular fibrillation. 
In an investigation by Fahr and LaDue”, it was 
proved in a controlled investigation, wherein rigor- 
ous statistical methods were applied, that the 
digitalis glycoside, lanatoside C (cedilanid), relieved 
the symptoms of heart failure when normal sinus 
rhythm was present, and that it was nearly as 
effective in relieving the symptoms of congestive 
heart failure when normal sinus rhythm was pres- 
ent as when auricular fibrillation was present. Some 
cardiologists oppose the use of digitalis in the 
treatment of diphtheritic and other forms of myo- 
carditis associated with congestive heart failure. 
The a investigations on the physiologic 
action of digitalis, as well as the experimental work 
of Fahr and Buehler performed with animals, would 
seem to justify the prediction that digitalis would 
be useful in overcoming the symptoms of congestive 
heart failure in the presence of diphtheritic and 
other forms of myocarditis. We have recently ob- 
served in the Minneapolis General Hospital a case 
of diphtheritic myocarditis with dyspnea, enlarged 
liver, enlarged heart and gallop rhythm, in which a 
large dose of cedilanid intravenously administered 
largely relieved the symptoms within twenty-four 
hours”. At the time of administration of the digi- 
talis, the symptoms of congestive heart failure had 
been steadily increasing but a few hours later the 
alarming symptoms had disappeared completely. 
The patient was discharged from the hospital with 
a heart of normal size and no symptoms whatsoever 
of diphtheritic myocarditis. We also have observed 
ood results in the treatment of two children who 

ad myocarditis associated with rheumatic fever, 
together with enlargement of the heart and the 
symptoms of congestive heart failure. The dyspnea, 
edema of the lungs, enlargement of the liver and 
eps rhythm were relieved shortly after digitalis 

ad been given. In one of these cases, administration 
of digitalis was discontinued on three separate occa- 
sions after all symptoms of heart failure had dis- 
appeared and the heart had returned to approxi- 
matély normal size. In each instance the heart slowly 
enlarged and the liver enlarged and became tender. 
Dyspnea and roentgenographic signs of edema of 
the lungs developed and gallop rhythm reappeared. 
All signs and symptoms of heart failure disap- 
peared after administration of digitalis. We have 
noted similar results in a child who had acute 
glomerulonephritis subsequent to scarlet fever and 
who presented symptoms of severe heart failure. It 
is to be noted that the doses of digitalis given to 
these children, when based on body weight, were 
proportionally much larger than would be given to 
an adult. : 

To recapitulate, digitalis glycosides banish the 
symptoms of heart failure by increasing the propor- 
tion of energy that is converted into mechanical 
work from the total chemical energy released by 
oxidation during each contraction. This leads directly 
to increased cardiac stroke output and decrease in 
venous pressure. The decrease in venous pressure 
results in relief of the symptom of dyspnea and of 


the edema. GEORGE FAHR, M.D. 
Minneapolis, Minnesota 
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